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© Microprocessor, and graphics processing apparatus and method using the same. 



© A microprocessor suitable for processing a large 
quantity of graphics data Graphics processing ap- 
paratus and method using the microprocessor are 
also disclosed. 

The microprocessor (1) independent of a CPU 
has two ports (102, 103), and performs an instruction 
fetch and a data access or a memory access ?i- 
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multaneously to two memories (3, 10; 3, 4. 10) 
coupled through separate buses. 

In the graphics processing apparatus in which 
this microprocessor is employed, the graphics trans- 
fer between a system memory (10) and a frame 
memory (4) can be performed at higher speed. 
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MICROPROCESSOR, AND GRAPHICS PROCESSING APPARATUS AND METHOD USING THE SAME 



' BACKGROUND OF 7HE1NVENTI0N 



1 . Held of the Invention: 

This invention relates to a microprocessor suit- 
able, for graphics process, and more particularly to 
graphics processing apparatus and method using 
the microprocessor and suitable for transferring 
graphics data between memories -on, separate bus- 
es. • ■' ■'* ■_-.»-;'■ >. 



2. Description of the Related Art: « - 

m_ ~ . ' . ' ~ ' * • ,r> ■ ■ -* 
A conventional microprocessor" system having 
two sets of' buses, each set for address, data and 
control signals; is exemplified by Harvard Architec- 
ture. This ; conventional system is designed so as to 
avoid any contention between 'an instoction fetch 
* and a data access by' separating^ an instruction bus 
and a data bus. - - ' : - "3 --* ■ 

■ Also, LSIs'for graphics process are exemplified 
by a bit map control ■ processor (BMCP) discussed 

- in Toshiba Review 43th volume^ 2th issue (1988), 
pages 932-935; This *BMGP r has an 8-bit-data bus, 
as a system bus to' which a' CPU andV system 

"'morn'oryare connected, and a 64-bit ; local- memory 
data bus and a 24-bit address bus independently of 

v the data bus; the address bus" and local memory 
data bus access 8-piane local memories (image 

- memorie's). Further, with an address latched, the 
BMCP- can access the system memory. ■ . . 

'* in the' Harvard Architecture, the instruction bus 
and 1 the data bus are dedicated; -the ~ Harvard Ar- 
chitecture is totally silent about the" concept of 
-using two 'sets of buses in data access, such as in 
graphics transfer between a system "memory and a 
frame memory which ' transfer is performed most 
frequently among various procedures of the graph- 
ics processing; " ° * ' ■ 

' The BMCP may use two sets of buses in data 
access, but has only a' single address bus; it is 

! unclear from- Toshiba Review that two memories 

" can be simultaneously accessed. 11 

Further,- in" executing a so-called 
read/mbdify/write instruction- frequently used for 
graphics processing in which : daita- in a memory 
-address is read and processed and is then written 
back to the same address, -conventional- general* 

' ; microprocessors have the following problems. 

First bf all, in CISC (Complex Instruction Set 
Computer)' type general processors, although a sin- 



gle instruction, is capable of describing a 
> read/modify/write operation with memory addresses 
designated for a source operand and a destination 
. operand of the operation instruction, the length of 
5 instruction is necessarily long. Aiso, it is not clear if 
it is possible to make the execution without inter- 
. posing a wait cycle between a read cycle and a 
write cycle. 

v In some of exclusive processors for graphics 
to r. .process, though a read/modify /write instruction can 
• be executed in two successive memory cycles, its 
modifying function is limited. . ... . ^ 

c ' In RISC (Reduced Instruction Set Computer) 
...".* type processors, Instructions are ' basically of a 
75. , / fixed length/and operands accessible to' a memory 
.are allowed to be designated only for a load in- 
c- '. struction and a stores instructions Thusi execution of 
' : a read/modify /write operation requires three instruc- 
zs.c ^ lions, i:e. load, operation and store instructions, 
failing to execute the load and store instructions in 
: two successive memory cycles. - — 



20 
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SUMMARY OF THE' INVENTION 
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r-;'- )t is - therefore :an ^object of this invention to 
Tenable' a high-speed transfer of graphics data be- 
Mween-two memories, as accessed simultaneously 
to the memories on^separate buses- in a graphics 
' ! processing apparatus for processing a- large quan- 
tity of graphics data:- ■ - ; ' • * - - =- <' < 

" Another object =of : the invention is to enable the 
" execution of ' 'a read/modify/write' operation very 
popular in graphics processings without interposing 
- a null cycle between' a read cycle and a write 
- s T cycle, in a processor of RISC-type. 

According -to a first aspect of this invention, a 
graphics processing apparatus comprises: a CPU 
40 and- a system memory, each connected to a sys- 
tern bus composed of -address^ data and control 
buses; a local memory and a frame memory, each 
connected to ' ^ local "bus ^compbsed of address, 
data and control buses; and a graphics processing 
45 processor having a- first- port connected to said 
system memory, find a second port connected to 
said- local = bus; said' 'graphic's processing processor 
being capable of simultaneously accessing- to said 
^ system' memory' and"said : local or frame memory 
so - via said first and second ports,* respectively.' 

" 'According to a second Aspect of the invention, 
-said graphics processing' apparatus further com- 
prises: " ■ * J ' c.'-.''-"' 
' a plurality df : internal registers, sa1d : graphics pro- 
cessing processor being capable *of loading graph- 
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ics data to one of said internal registers from one 
of said system memory and said frame or local 
memory and via the corresponding one of said first 
and second ports and also, in parallel . with the 
loading, capable of storing data to the other one of 
said : system memory and said frame : and local 
memories from another of said internal registers. 

. According to a third, aspect of the invention, 1 , a 
graphics processing method using such a graphics 
processing apparatus comprises storing' -a graphics 
transfer program in said system, memory or said 
local memory, and also storing various graphic 
data, in said system memory; (..writing a leading 
address of said graphics transfer program 7 and a 
leading address of parameters of said graphic data 
in said system. memory . or. said local. memory by 
said CPU when said graphics data in said; system 
.meroory=are transferred. to said frame memory; and 
causing said graphics, processor/ according to said 
graphia.transferrprogram'-and said parameters, to 
^transfer said graphic d^ta on said system, memory 
to said frame memory via &aid first ancfc: second 
ports..- c .*■■ ?; t ->a ~ :i en'ift? . 

According t<^ f a fourth aspect- of -the cmvention, 
another graphics processing method using such a 
graphics processing apparatus comprises: storing 
various graphics-drawing progYarhs in said system 
memory or said local memory; when drawing the 
graphics, preparing a work list, composed of a 
leading. address'iD.f;said-graRhLc$ drayving programs 
and, a leading address of^parSHnrxpterg of dfes^jraphic 
data-pin $3id: system -rnemoryipr local memory 
£>y;sa.id£RU;: and ; causing:said graphics* processing 
processor to . read the contents of saisfeworjc list in 
response to an instruction^ said CPU and to draw 
the graphipferin ?aitd frame memory according to 
said, graphics drawing,; programs ^nd parameters 
desigrjated by saidiwprk list. .;«-7._ « j 

According tp a A fifth aspect :oj the invention, a 
microprocessor comprises; a processor unit for de- 
coding and; executing; an instmctipn;- two. ports each 
for transferring ;£ add,ce5S^: data .and contrpl, signals 
between each pi said t ports and a respective mem- 
ory connected, thereto; anL address r.buffen?writable 
from said. procespr.vnit and readable from spid two 
ports; a .date feoffor which is; . readable and writable 
from said two- ports -aad_ from which an ^instruction 
may be read by;sajd~prQpe$sor-ainifc. and;means for 
controlling an address transfer rfrorp said address 
buffer -tp,: one of th$ v fneragries : and:3lso a data 
transfer -betwe§n^saidjdaja ;buffer. and- ope of the 
memories ; , via the^ designated pofj- according to a 
memory access request, and. . a .poft^ designating 
signal from, said «• processor- • unit; whereby an in- 
struction fetch and^a data access can be .performed 
with respect to the two memories. 
- r .According to a sixth ..aspect of the invention 
each of said, address .buffer and said .data buffer 



includes two ,buffen sets arid each .of; the sets is 
dedicated for a respec tive one of said two ports; 
the microprocessor further includes means for 
managing the operation of each of said two ports 
s and means" if or writing >to a. register, in said proces- 
sor unit, data read from the memories, whereby 
accesses can be taken simultaneously to two 
memories via said two ports. 

According to a seventh aspect of the invention, 
70 .still another microprocessor for executing instruc- 
. r - tions each having a 4 fixed, length, comprises: first 
i instruction; ,;holding means for holding a primary 
.-i v.- instruction.Teadffrom a program; second instruction 
. ..holding/fneans for holding- a sub-instruction accom- 
75. :.panying to. the. primary instruction; -anct decoding 
means for decoding the primary instruction and the 
sub-instruction whereby when the primary instruc- 
tion is an instruction using the sub-instruction as a 
result of the /decoding of the primary instruction, 
20 the sub-instruction held by said sub-instruction 
zj ;r : holding, means is decoded and executed, 
boa ^Mthibe arrangement of this invention, the two- 
;e;;rjport-;rnterQpj:pcessor; performs the reading, decod- 
c* ?3 aH^&: ^d_ executing \<#;§^ instruction and the storing 
rt25= - r Qf:'.<te^,3prejerably y^th, pipeline processings In the 
/casenof .m^mocy ^ccess instruction, its process is 
assigned to a unit dedicated., for memory access 
processing, y^her^ypon .the : two-port microproces- 
: * sor executes .the next, instruction.. If the process has 
'$o o r ) already- assigned > to. *he portc, .tb§ ..memory access 
,3i 'j ::.*p.ro£§ssing -untit~i£ause§,,the; iAstructipn executing 
r- /ruoitijto,.wgjt executing the -n^xt-ins&gctipn, until the 
^ , ; port b&eqmes ^vajl^ble -Jpc^use, by .p^anaging the 
: operation; sJatus:of;iJhe; ( two. ports., fherefore^ even 
.35 whH§ : ohe port 'is^imope/atipn.; the memory access 
- , v vie the other portion £ambe .age^pted 3 

Partly since twg sets^f -buses of/the -two-port 
microprocessor ar£ unable for- instruction fetch and 
data -access,^ anci .jpartiy since- tyvo simultaneous 
40 memory. \ accesses care sPessible, the > memory ac- 
; . , cessing efficiency is- improved. the case of a 
graphics processing v apparatus. ?.in particular, it is 
& c . - possible to transfer the graphics data ibetween the 
t ,u system memory pnd ; the fr^me: memory at high 
45c speed. v • ; . t _ 0 - tr, 

Further, with the read arjd write instructions 
• .being located in the prpgram jn' the memory, and 
-vyith the operation process instruction being located 
in, a sub-instruction buffer independent of the or- 
so dinary instruction buffer; an operation, instruction is 
/. fetched front ,*hg. above buffer at a, .timing at which 
the read data ar$. ready to use, so that the opera- 
tion of the read data.js^ in time for the write cycle, 
enabling a read/mpdify/write process of -the two 
5%; successive memory cycles. - - r . 

: . . Parameters; -for, graphics . drawing, rectangular 
. field transfer, -with a Jogic- operation -or the like are 
-not given directly from the- CPU to the two-port 
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microprocessor, but are successively written in the 
memory by the CPU, and at the same time, its 
leading address is placed in the work list in the 
memory, so that 1 subsequent graphics processing ' ; * * 
such as graphics drawing and transfer can all be 5 
assigned to the two-port microprocessor. Namely, 
as the "graphics processing is started by the CPU, 
the two-port microprocessor executes the desig- 
nated processes in the work list, successively with 
reference to the processing program and param- w 
eters. In the CPU, if a work list is prepared before- ' " 

'hand for a plurality of graphics processes, it is 
unnecessary to give to the two-port microprocessor 1 
parameters for each and every ~^ graphics process, 
thus minimizing the burden on the CPU. : : 75 

The above and other advantages, features 1 and 
additional objects of this invention will be manifest 
to those versed in the art upon making reference to 

■ trie following detailed description and the accom- 
panying^ drawings in which several preferred em- : ; 20 

- bodimehts incorporating the ' principles' of this in- 
vention are shown by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS ' ' 25 

FIG. 1 is a block diagram taf a graphics 
processing apparatus using a"tW6-port micropro- 
cessor according to this invention; L 3fr 
FIG. 2 is a memory map of the apparatus of s " " [[ 

FIG: i; : ■ ~ - - ■■ - : > v . • -\ 

^ FIG/ 3 is a diagram shbwihg "internal regis- 6 " ' 

ters of the processor of FIG/1 ; * ■ 

: FIG. 4- is a memory map of commands and 35 
programs of the processor; ; ;) 

' FIG . 5 is a flowchart showing 1 the mode of 1 
' r operation 'of the processor; - v 

" * FIG. 6 is a block diagram Showing the inte- 
rior of trie processor; ■ . - v • ~- 40 

FIG. 7 is a block diagranrv of a port number 
designating circuitin a -decoder 1 102 in FIG. 6; . . " 

FIG. 8 is a table showing the'mode of opera- 
1 tion of the circuit of RG. 7; 

: FIG. 9 is a block' diagram of a register forced 45 
access executing circuit in the decoder 1 1 02 of 
FIG. 6; - . ~ " % " 

- : FIG. 10 is a block -diagram showing the 
interior of a memory managing unit 1104 in FIG. 6; 

FIGS. 11 through 13 "are memory access so 
"timing diagrams of the processor erf FIG. 6; 

FIGS. i4' through 16 are diagrams showing ' 
■: the manner in which a read/mbdify/write instruction 
•* is executed;" 0 ■ ' \ 

FIG. 17 is a block diagram showing the 55 
• concept of this invention using a modified buffer; 

: FIG. 18 is a diagram showing the manner in 
' which graphics data are transferred from a system 



memory to a frame memory; and 

FIG/19 is a detailed block diagram showing 
an operation unit in a two-port microprocessor. 

DETAILED DESCRIPTION 



The principles of this invention are particularly 
useful' when embodied in a graphics processing 
apparatus (hereinafter called "apparatus") such as 
shown in FIG. i . The apparatus of this embodiment 
is suitable for use in processing a large quantity of 
graphics data in a personal computer (PC), a print- 
er, etc. , „ , . ; 

In FIG. '8, reference numeral 8 designates a 
central processing unit (CPU) for controlling the 
entire apparatus? 

1 designates a two-port microprocessor for in- 
structing a graphics drawing or a graphics display 
on a CRT 6. Tlie microprocessor 1 includes therein 
a processor' part 101 for executing' a microinstruc- 
tion; arid two ports 102, 103. i: ; 

! 3 ; designates ■' a local memory for storing a 
microinstruction and data for graphics drawing. 

4 designates 1 a frame memory for storing 
-graphics data. 
' 5 designates a" shift circuit for outputting dis- 
play data of a plurality of picture elements or pixels 
read as the microprocessor 1 makes a graphics 
display access ib the frame rnertriory 4, to the CRT 
6 one pixel by' dne pixel. " 
' v 4 7 designates a v clock generator, for generating a 
block signal for activating the two-port microproces- 
sor 1, the" iobal memory 3, the frame memory 4 
and the shift circuit 5. „ / . : 

'10 designates a system" jmemory ' ^ storing 
microinstructions and data to 1 be executed by the 
CPU 8 and also for storing graphics drawing com- 
mands and data to be processed by the micropro- 
cessor 1. , , . . 

* 11 designates a bus arbitrator for requesting a 
bus for the CPU 8 upon receipt of a request signal, 
for use of the system bus 9, which signal is output- 
ted by the microprocessor 1 ^before accessing to 
the system memory 10. Then, when a permission 
for use of the bus has been given, the bus arbitra- 
tor 11 gives' this information to the microprocessor 

1. , " /'V . " 

'12 designates a decoder 1 for decoding an ad- 
dress, oiitputted by the CPU 8, to output to the 
microprocessor T an interrupt request and a type of 
' interrupt processing when the \ CPU 8 accesses a 
register in the processor part 102 or when the CPU 
8 accesses the local memory 3 or the" frame mem- 
ory 4 connected" to the local bus 1Z 

13 designates a clock * generator for outputting 
a clbck ^sighal for' adjusting the input/ojjtput timing 
of the microprocessor 1. to the system bus 9 and 
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for activating the CPU 8, the system memory 10 
^ and the bus arbitrator 11. . t ' 

The address allocating method for the system, , 
local. and frame -memories of FIG. 1 will now be 
described with reference to FIG. 2. 

The two-port microprocessor divides a self- 
addressable memory space into two halves and. 
then allocates them for a first system memory \ 
space 20 and a local memory space, 40. 

A second system memory space 30 is acces-. 
sible only from the CPU. . 

301 designates registers built" in, the two-port . 
microprocessor. The registers 30I are allocated to 
addresses in the memory space of the 6pu and is 
'.' accessible from f the CPU. In this registers 301, an ; 
RO register and an R1 register are used for dedi- 
cajed purpose. . . 

_ ; Spepfticaliy, in FIG. 3, the.R0 register is called.^ 
a control register and stores infofmation. about the . 

. operation control of the two-port microprocessor. . 
Namely, the most significant bit of. the RO register 
is called an operation, control, bit; if /'O" is stored, 
, the tworport microprocessor is in ; an inoperative 
state ...and if "l^is stored, it. assumes" an operative 
state, "fh which microinstructions are being execut- 
ed. 0 bit to 23 bit is a field in which a work list 

. address, may' be .stored; the work list is a list on - 
whiph memory addresses of a drawing program 
and'a graphics parameter to be executed by ; the 

' two-port microprocessor ^e^deVcribejdC When" the c 
two-port mjcro^oc^ work list, the 

R0 register is "tiled as? ap"apidr|:?s Register. But the 0 
] field \yhich Js* effeqtiye^as an address js only the 
range "of 0 bit to i23 bits^J^he B0 register is reada- 
ble and^ writable as accessed from the CPU or as 
the ; instructions, ase executed, .by .the, two-port v 
microprocessor/. .^. " , 'SS' . \ / 

'The Ri . registeMs pajfeci a program counter, 
arid stores^ the' memory address of 'a, microinstruc- 
tion to be read by . the two-port microprocessor and , 
increases the value, .automatically" upon reading of 
the instruction. In the.%1. register, 0. bit "to 23 bits t 
are effective so tfat trie* entire, memory space of 
the two-port microprocessor may ..be used as a 
program area. [' 

\ r The graphics drawing" method of the apparatus 
of FIG. 1 will 'now "be described. 

In this apparatus, the CPU creates a work list 
and" graphics' parameters .m a' .memory, and the 
t two-port micrbprbce^sor pprforms graphics drawing 
or the like with' reference to this work list and the 
graphics parameters^ 

FIG. 4 shows c a memory, map of commands 
* and programs 1 which 'are both' heeded for the two- 
port .microprocessor : tb perform' a .graphics drawing. 

A wpTrk* list 1 6-1 is 'a command stream or train 
"which'is'to be given to the two-port' microprocessor 
from the CPU and which has leading addresses of 
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the memory storing the successive graphics pa- 
:-rameters t ,and also leading addresses of the mem- 
- ory storing 4he -corresponding drawing programs, 
covering the entire-graphics to be drawn. 

10-1r1 -designates* a leading Vi address of the 
. memory- in which the : parameters of a graphics "c" 
are stored, while, 10-1-2 designates- a leading ad- 
. t -dress of the memory in which the drawjpg program 
of the- graphics "c" is stored. In-the addresses 
following the leading address 10-1-2, the param- 
eters. and program of anqjher graphics are stored. 
10^1-3 designates a leading address, of the param- 
eters of a .final graphics "h"; and 10-1-4, a leading 
addresslpf the r drawing program of the_final graph- 
ics ^h". t0-1-i5 designates a final work list, so 
... called '*a';list\en<r. The value of, the list end may 
. be determined optionally. , 
. 1 0-2 designates the parameters- of the graphics 
"c"; .the number and sequence of the parameters 
•correspond to the drawing programs of>the graph- 
,.,.ics/c". tt r • - * 

Likewise, 10-3 designates the parameters of 
the graphics "h". ~* 
, ; .In the illustrated embodiments the worklist 10- 
1 and the graphics parameters 10-2, 10-3 are de- 
fined in the system memory 10; alternatively they 
. rrjay.,b^^fined in the Ipcal memory 3. ^ 

r , 3-1 1 v ,designat(es a work list reference, program 
for reading, a. leading address of graphics param- 
.^ eters^frqm the vyOfK, list to -.initiate the execution of 

graphics drawing programs 3-2-1 f 3-2-2; 3-2-3. 
is-rj- r, -ln r this,,e^bp^men.t. the programs 3-1, 3-2-1, 3- 
2-2, 3 : 2-3 a?e . Refined in ^the^ local memory; alter- 
natively they, may c be .defined , in, Jhe system mem- 
ory 10. r - - r. z . 1": 

The. twa-port mjcroprqcessior -1 stores an ad- 
dress of the work list ir» the. R0 register 1101-1, and 
is, usable as . an address register when making a 
reference to the work list. The R1 register 1101-2 
. stores -a program address. The R2 . register 1101-3 
is usable as an address register when reading the 
graphics parameters. 

The graphics drawing method of the two-port 
microprocessor will^now be- described with refer- 
r ence.to FIG. 5. >. .. . .. - rr . . . 

50 designates a flowchart showing the proce- 
dure far, the CPU to cause the two-port micropro- 
cessor to start graphics drawing processing. 

Firstly, the CPU creates a work list and graph- 
ics parameters in the memory (50-1). The CPU 
then writes f a .leading address of the work list refer- 
. ence program, in the R1 register {program counter) 
of the two-port microprocessor (50-2). .- Thereafter, 
the CPU writes r n t" in. the operation control bit in 
. the R0 register. f (control register) of. the 0 two-port 
microprocessor,, and ^aisq writes a leading address 
of the workjist iatrYe. work list address.: field of the 
R0 register (50-3). the Work by the CPU has thus 
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been completed (50-4). Since the graphics drawing 
' processing after this is assigned to the two-port 
microprocessor, the CPU can perform another pro- 
cessing during that time. <; 
~ * ' The two-port : microprocessor starts its opera- 
tion when the operation control bit of the RO regis- 
ter becomes "1 \ ' • . 

In FIG. 5, reference numeral 60 designates a 
flowchart showing the work of the two-port micro- 
processor. The two-port microprocessor executes 
the work fist reference program as the Rf register 
is set-at the step 50-2. Firstly, the two^port micro- 
processor reads data, with the work list address 
field of the RO register being regarded as a mem- 
ory address, and writes c the data in the R2 register 
:• ; (60-1). In addition, the two-port microprocessor 
"^ adds "1 n to the value of the work list address of 

- - * the RO register. Then the two^port microprocessor 

compares the content of the Ri2 register and the list 
. " end value meaning the end of the work list (60-2). 
It they are equal, the two-port microprocessor re- 
writes the operation control bit of the RO register to 
"0" (60-3-b) and thus assumes an inoperative con- 
dition (60-6). Otherwise, if they are nbt equal, the 
two-port microprocessor reads data, with the work 
. list address field of the' RO registerberngVegarded 
as a memory address; and writes the* data in the 

- ■ R1 register (60-3-a): At th^ same time, "1" is 

- - added 1 to the" value of the ' work list address of the 
l ' x • RO register. According to the vsrfue of the R1 

1 register rewritten at the "step 60-3-a, the process of 
the two-port microprocessor is assigned to any of 
- the graphics drawi nig programs of' the steps 60-4-a, 
60-4^3, 60-4-c. With each of these programs, it is 
possible to read the parameters from a memory 

: with the : R2 register bein^ used as an address 

• register.* Upon completibn of the drawing program, 
the R1 register is rewritten to a leading address of 

" the work Hist reference program (60-5), returning to 
the process' 1 of step 6CM . The"two-£ort micropro- 
• cessor executes the above processing 1 until the list 
end is detected from the work* list/ 

The interior-of two-port microprocessor will now 
be described with reference to FIG. 6. 
1 1101 designates an : instruction fetch unit for 

fetching * a* microinstruction. The 'instruction fetch 
unit 1101 has a built-in cache memory, and fetches 
the instruction from an external memory 'if there 
exists no instruction corresponding to the cache 
memory. 

1102 designates a decoder for decoding a ih- 
- ' struction code given from the instruction fetch unit 

; * 1101 to control arithmetic bpefation. 

1103 designates ^n arithmetic or operation unit 
which is composed of "registers and an operation 
part : and which executes an arithmetic and logic 
operation. . " "•'"[']. 

~ : - 1104 designates 1 * a Memory'' access managing 



unit for processing a memory access request gen- 
erated in the two-port microprocessor and also an 
interruption of the CPU 8. 

1 102 designates a port 1 through which an ac- 
s cess response from the CPU 8. and an access to 
* the system memory 10 are performed. . 

! 103 designates ia port 2 through which ac- 
! * ■'cesses to the Ipcal memory 3 and. the frame mem- 
; l ( ory 4 are performed. 
70 1105 designates a bus switch for performing a 

' selective bus conhection between the operation 
' : ;■ unit 1103 and the 1 port 1 (102) and between the 
• ! operation unit 1103 and the port 2 (103).",. 
- '■■ Following is a detailed description of the in- 
•75 dividual units. 

c The'' instruction fetch unit 1 1 01 is composed of 
a cache contirpi part '1101-1, ar\ instruction fetch 
' ' : control part 1101-21: and an instruction buffer 1101- 
;3. The pivot of the operation control of .the instruc- 
20 Hion fetch unit 1101 is the instruction, fetch control 
part 1 101-2, which makes a decisipn on whether an 
instructiorf fetch should be executed or not, de- 
' r ' pending oh th$ state of , the operation control bit of 

the R0 register J 103-1 in "the operation unit 1103. If 

'-"2S y '"' the operation controrbit is "0'\ the instruction fetch 
/ /will" not be; executed; , if the instruction fetch is n 1\ 
the instruction fetch will be 'e>cecufed. , . 
: .-j > instruction fetch i control part 1101-2 issues 

; a fetch* request to the cache; control pa$ 1 1 01 -1 . 
30 The cache control part 1101.-1 r*etriev^s, a cache 
; 1 ' 4 itiembry in the cache .'control part 1101-1, with the 
: . ; Ph register '1 103-2 in the arithmetic Wit 1 103 serv- 
jng as a £rograrrv address,. If there, exists an in- 
struction in the cache memory, , the ' cache control 
$5 ; part 1101-1 returns a response ^sign^L. to the in- 
struction fetch control part 1101-2^ along, with the 
instruction^ code. The instruction fetch control part 
1101-2 stores the instruction in the instruction buff- 
er 1101^3 and makes^ ah increment of the program 
46 r address of the ".Ri register 1103-2 in the operation 
° unit 1103. If there exists no instruction in the cache 
1 rihemory, the cached controf part, 1 101 i-1 issues an 
; ** instruction fetch request. .to' the memory access 

managing unit 1104. \ _ . . . .. ■ 
45 The decoder 11 02 "decodes an instruction giv- 

en from the instruction fetch unit 1101, controls the 
"reading and writing of the registers in the operation 
unit 1103, t and^also controls the operations therein. 
Further, \h the case of a load or store (hereinafter 
so called "load/store") instruction, the decbder 1102 
gives ah load/store signal and a port number to the 
memory access managing" unit 1104. In the, case of 
a load instruction, it gives to the memory access 
managing unit 3 104; the .number (load register num- 
55 " ber) of. a register iW which .loaded, data are to be 
written.' The "procedure discussed here Js repre- 
sented by reference character A in FIG. 6. the port 
number is' a signal for designating whether a mem- 
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. ory to access should be on the port. 1 (102) or the 
port 2 (103). 

The port designating method will now be de- 
scribed with reference to FIGS. 7 and 8. 

Ffl3. 7 shows a port number designating circuit 
1102-1 in "the decoder 1102. As the, port number 
designating circuit 1102-1 decodes a Ipad/store in- 
struction, a selection circuit .11 02-1 -a selects a val- 
ue of one register designated from n number of 
registers in the operation unit 1103 by an address 
register number, and inputs the selected register 
value to a comparator 11 02-1 -b. Jo another input 
s w of the comparator 11 02-1 -d, comparison data 1102- 
1 -c are inputted to be compared with the value 
according Jo a condition bit .11 02-1 -b, and the 
result of the comparison is N outputted. as a port 
. number. The comparison data 1102-i -c correspond 
to an border address'between th$ system- memory 
space 20 and the ^ local .ijt.emqry .space 40 of the 
two-port "microprocessor of. FIG. 2, whjle the con- 
dition bit 1102-lrb makes, a deqision as. to which 
side of the "border address the^ systeirn memory 
shoulcl t>e allocated Iq. ' r " * ^ " . 

1 " The relation fc?etween the condition bit 1 1 02-1 -b 
and the. port number designating method is shown 
in a table "of FIG. B, If the cbndition bit is "0", the 
. port 1 Is designated when the dafa'/of. the' address 
^ register are equal to or larger than the comparison 
' ' data, and otherwise the' port 2 is designated. Ret- 
aversely, if the ' condition bit is w 1"" the port 2 is 
' . . designated when' the data! of jthe address, register 
' are equ'al'to 6r larger tii (an [ . the comparison data, 
and otherwise the port i is ] designated. Either the 
" ;1 comparison data or the condition 'bit' is optionally 
' settable js6 that the merndry' map of, the memory 
space accessible by the two-port microprocessor 
" can b£ optionally detenTiinecf. 

L ' " Returning to FIG. 6, when the decoder 1102 
" ^requests the memory access managing unit 1104 
"jfof load/store, a wait signal (D) is returned jf its port 
' ^is in use &r reserved. Thus the instruction fetch unit 
1 1101 and the decoder 1102 enter a wait status. As 
the load/store request is accepted, the. decoder 
1102 decodes a succeeding instruction. 

In the case^ of a bad instruction, as data are 

read from the memory, the memory access man- 
aging unit 1104 gwes' the decoder 1102 a wait 
; signal (D), ! a register forced write signal and its ^ 
' " register' number. At thit time the decoder 1102 
hplds'the execution of an instruction in decodes so 
that- the data read from" the memory are written in 
the register with priority " over 'the others. This cir- 
cuit is shown in RG. 9. \' r / m " : ' *' 

In FIG. 9, "the reading and writing of the register 
* by instructions are executed by an instruction de- 
coding circuit 1 1 02-2 which gives register numbers 
:r: to control* circuits 1 102-3, 1 102^4, 1102-5, 1102-6, 
;j 1102-7. Upon "receipt of a register forced access 
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signal and a waft signal from, the memory access 
; managing unit. 1104, the instruction decoding cir- 
cuit 1102-2 stops executing the instruction, and a 
register, read-, control circuit 4 (1 102-6). or a resister 
. 5 wrjte control circuit 1102-7 executes reading from 
or writing in a register designated by the forced 
. apcess .register number. ..> - n j 

r . . Until r data are written from a memory to a 
register after a load instruction is accepted by the 
7.p memory, access managing unit, there is. the pos- 
sibility > that the- register is used according to the 
, , . execution, of a subsequent instruction. In this case, 
.the execution of such instruction must be waited 
until data are loaded from the memory into the 
, 0 register. To this end, the decoder 1102 gives a 
^read,. register number to the* memory access man- 
. . aging, unit 1 1 0£. earlier than . executing the instruc- 
v z .- (( -tiojn r for comparispn with a load, register number. If 
. the two values agree with each other, .a wait signal 
. 20 ' ^ (D). is returned to wait executing the instruction. 
y qT? 1 ©. .operation unit t103 .will.now be described 

. r ^y.vwth refprepce to FIG. 6 again. 

; ^ As discussed above, the RO register 1103-1 
/tl . r/ ^ !and ,jthe R1 register 1,1 03-2,-among n number of 
. 2$, ^gjstqcs.are for dedicated use, and the R2 register 
, " to \Rn-1 register .are. general registers 1103-3. A 
'barrel shiftor 11 03^ combines two sets of- 32-bit 
\ . , . .data to provide 64-bit ( data, arid selects 32-bit data 
-ri " " r«j tKorofiprirr while shifting the 64-bit data a number of 
... 30 ^! bjts .yifhich -is^ designated , by the 6-bit shift number. 
. .. . A Jhree^pperanci Jpgip ar unit ... (three-operand^ LU) 
- t v yil03-5J,pe^o.cms, r 256L kinds of, logical operations 
between .three input cfata v An arithmetic analogic 
. , unit (ALU) 1 1 03-6,, performs arithmetic : > and ^ logic 
, pis .operations between, two input data Internal buses 
. , Jnciuj^ four buses (R3B, i-*2B,.R1 B, ROB),fpr read- 
,^ ing and a single bus (WB) for writing;* among these 
. r internal buses, the bus RIB is used to,,provide the 
r shift ,'nurnber. ( of the ^barrel shiver,, 1 103^4 and to 
. .,40 . designate the operation mode of the tiire^roperand 
LU 1103-5. When executing a store instruction, the 
. „ Jbu$ R2B is used for address. frapsf errand the bus 
R3B is used for data transfer. When executing a 
load instruction,, the bus R2B is used for address 
45 " : .transfer, and the bus WB is used for data transfer. 
\ Now the .memory access managing unit 1104 
will be described with reference to FIG. 10. 

. In .connection with a lo : ad/store managing circuit 
1104-2, 1104-2-a means a 3-brt status register 1 
so which indipates the state of execution with the port 
1; F1 an instruction -fetch; L1, load; and S1, store. If 
"1" is set ; at any bit in the register 1, it means that 
, .fhe port 1 is in operation or working associated with 
the bit of n t\ 11 d4-2-:b' designates a register for 
55 .storing the ngm.bjir of a register in which, data are 
to be written by executing a load instruction. 

Likewise, for„tt)f : Port 2, the load/store man- 
aging' circuit 1104-2 mcludes a status register 2 
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(1104-2-c) and a load register number register 2 
(1104-2-d). But the status register 2 (1104-2-c) is a 
4-bit register and has, in addition to bits F2 t L2, s2 t 
a bit I that means under execution of interface, 
i ' When a load/store request arid a port number 

are given from the decoder "1102, the load/store 
managing circuit 1 f 04-2 checks th6 status registers 
1104-2-a, 1104-2-c for the designated port, and if 
the port is in operation, the managing circuit 1 104- 
2 irfimediately gives to atv OR circuit 1104-5 a 
' signal indicating that the port is in use 1 *. As a result, 
a wait signal is outputted to wait executing a 
load/store instruction that is about to be executed. 
In every bit of the Status Registers 1104-2-a, 1104- 
2-c is "O", the bit of a load or a store is set to "1".- 
Further, in the case of a load request, a load 
register number outputted from decoder is written 
" -. in the load register number registers' 1104-2-b, 

'■' 1104-2-d of the designated port. : - • | 

The ioad'store managing circuit 1104-2 re- 
quests a load or store operation to the designated 
port, and outputs a control signal for writing an 
address in an address buffer in the port. In the 
1 case of store,' if also outputs a I'cfontrol signal for 
" writing data in a data' buffer in the port; : 

" : A memory access occurs riot ofiiy : in the case 
of a load/stbre instruction, but' when a mishit of an 
instruction cache is happened: The irtstrUction fetch 
unit outputs an instruction fetch request and a port 

v * ! number. The load/store man£ginEj circuit 1104-2 
checks the status registers 1104-2-a, 1104-2-c of 

'-<*■ the : designated port. If the' port" is not in use, the 
Ibad/store managing circuit 1104-2 gives to the 
i'" - instruction fetch unit a signal to read a program 
address, and writes the -program" address in an 
address buffer in the port. 1 T " 

1 - r When an acknowledge' is' returned from the 

j j designated port, the load/store managing circuit 
j 1104^2 blears or resets the store bit J S1 or S2 of 
the status* registers 1104-2-a, 1104-2-c of the port 
to "O" in the case of a store instruction. In the case 
of a load instruction, the loadfetore managing cir- 
cuit 1104-2 instructs the register forced access 
circuit 1104-3 to perform such processing, and 
clears the load bit Li or L2 of the stetus registers 
1104^2^, 1104-2-c of the designated port tp^O". 

This load/store managing circuit 1104-2 is also 
operable at the time of local bus access by the 
- • CPU. Upon receipt of a' bus interface request from 
the port 1; the port 2 wilPbe unused, whereupon 
the -managing circuit 11 04-2 ' sets the bit I of the 
status register 2 (1104-2-c) and returns a bus inter- 
face ready to the port 1. When the bus interface 
request is canceled upon "termination of using the 
local bus by the CPU, this managing circuit 1104-2 
: clears the interface bit I of the status register 1104- 
2-c. - / 

i 104-3 designates a register forced access cir- 
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cuit. After data have been written from the memory 
to the data buffer in the port by the execution of 
the load instruction, the register forced access cir- 
cuit 1104-3 accepts a load register request and a 
s load register number from the load/store managing 
circuit 1104-2 and causes the decoder 1102 to 
execute a "forced register writing. At that time the 
register forced access circuit 1104-3 also controls 
the reading of the data buffer in the port. . 
70 The register forced access circuit 1104-3 is 
also operable when the CPU has accesses to the 
register in the two-port microprocessor. Upon ac- 
cept of the register write or read signal and the 
register number from the CPU, the register forced 
75 access circuit 1104-3 causes the decoder 1102 to 
execute a forded register writing of reading. At that 
time the register forced access circuit also controls 
r the writing , arid reading of a data . buffer 1202-1 
which temporarily stores reading data fo or writing 
20' data from the CPU in the port 1 

1104-4 designates a'bus switch control circuit 
" I for perfof mlng a bus ^connection control for data 
' transfer between "the operation unit and each of the 
v ' ports r during the load/store !executing, .*.., 
'■'25" 1104-1 designates a register read inhibition cir- 
" ! ;/ cuit for accepting from the decoder 1102, before 
execution of the succeeding instruction, the register 
number to be Fead, anp r compares ,the register 
number with the idad register number held by the 
30 yidad/Store managing circuit 1T04-2. Because there 
" are four reiad buses in the operation unit 1103, the 
■"* r ; 'register ! read inhibition'; cirduiH f04f4~ compares at 
! * ; ' rV&sCf pur* tead register numbers /and the load re- 
sister riyrhber. If there is an agreement in number, 
36 the fegikter read intlibitton/ circuit 1104:4 -prohibits 
executing th6 instruction that 'is about to be ex- 
ecuted : J . : j: , ' ^ . . "I 
\ The port V (1 02). will now. I^e described with 
! reference 'to JFIG. 6again. i . ,, 
"4o\ The pqrt 1 (102) is cqmppsed of a memory 
access unit 1201, a CPU .response unit 1202, an 
address latch' 1203^ a data latch 1204, and termi- 
nals 1205. \ '" ^ , . ' r 

Upon receipt of a load/store, instruction (G-1) 
45 . from the memory, acc,ess. managing unit. 11 04, the 
memory access unit " 120 1 executes accessing to 
* the system memory "10. In order , to hold the ad- 
dress, and store data, given from the operation unit 
1103, the memory access unit 1201 has ; an ad- 
so dress buffer 1 (1201-1) and a W data buffer 1 
(1201-2).., The memory access unit 1201 has also 
an R data buffer 1 (1201-3), for holding the data 
read from the system memory, 1jO. 

"The memory access unit 1 2pi acquires the 
55 right of use of the' system bus 9. before accessing a 
memory'. Upon receipt of .a response from the 
system memory 10'after having started accessing 
with the right' of use of the system , bus. 9, the 
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memory access unit 1201 returns an acknowledge 
(G-2) to the memory access managing unit 1104. 
In the case of load, the R data buffer 1 (1201-3) is 
read (G-3) by the memory access managing unit 
1104. 

The CPU response unit 1202 is operable when 
the CPU 8 accesses the registers 11 03-1 to 1103-3 
in the two-port microprocessor and also when the 
CPU 8 accesses^ the local memory 3 or the frame 
memory 4. ' 

In the. case of access to the registers, the CPU 
response Unit 1202 outputs a register access signal 
and a register number (H-1) to the memory access 
~ , : managing unit „ 1104. In the case of writing in the 
" registers, the, memory access managing unit 1104 
" causes tW instruction fetch unit 1101 and. the de- 
; . coder 1102 to wait operating, ..and reads. (H-2) the 
' " * " ; data oHhe^ CPU data buffer 1202-1 to the .bus MRB 
to perform forced writing to the designated, register. 
In the case of reading the register, the memory 
access^ managing unit 1^04^ causes ^lsp* the in- 
struction Wc^'' grirt '.3 tlcf^', ^ind JEhe, <)!^qocle^r ' .1 1 02 to 
' ' wait '"operating, an<£ forpediy reads \tfie >egister to 
perform^ 1202- 
1 .!. The CPU, response unit 1 202 writes the data in a 
l|tch 1 204 and returns an acknowledge to the CPU, 
thus causing"'the Cf»U to perform data jeadjrig. 
'When the CPIJ aq^sses \he Jocyaj memory 3 
' or the 'irprrm memory \ the . CPU ^rssporise - unit 
1202 bLrtpy'ts a £ys jnterface request' .{1^1 ) to the 
. " memo^^Qce^ 1ip4!,jiyhen the 

/ loc^l buis £ V'^be'tree }n the next' memory cycle, 
the memory access 'managing unit 1104 returns a 
1 bus interface ready. (1-2) to the CPU resppn.se unit. 
Tli'e CPU response unit 1 202 ^outputs a load or 
store signal to a memory access' unit 1301 and 
. transfers an address from.a latch 1203 in the port 1 
"(102) to a latch 1302 in the, port 2 XI 03). In the 
case of store, the CPU response unit 1202 trans- 
fers data from the fitch' 1204 in the port 1 (102) to 
•""fc latch 1-303 in the pori,2 f (103). Accessing to the 
local memory 3 or^the'frame memory 4 t 'is executed 
by the memory access unit 2 (1301). In the case of 
store, Wlhen the "memory accessing is started, the 
* . CPU response uriif\l?02 returns an acknowledge to 
; " the CPU 8 tq'termiiiate the bus cycle of the CPU 8. 

In the cas£'of load, after completion of the memory 
1 'accessing, the CPU response unit 1202 transfers to 
. 'the latch- '1204 in th? port J (T02) the data read in 
v the latch 1303, and returns ah acknowledge to the 
' CPU , ?. th "S caU^lng'Hfi^ CPU 8 to read the data 
fronrv the system bus 9. * "* r 
. Now « the P or f 2 , (1 03\ wil1 be described. 
' " • ' : fhe^-port 2 l {1 03) is : compob^d of a memory 
- k ' Access unit 2 (1301), v an address latch 1302, a data 
latch 1303, : antf terminals 1304. " ' : 
. Uporf ' receipt of requests from the memory 
*' : access managing unit 1104 or the CPU response 
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unit 1202, the memory access unit 2 (1301) ex- 
• scutes accessing to the local memory 3 or the 
.frame -memory-^. In. order to hold the address and 
. store data given fram-tbe operation* unit 1103, the' 
5 memory access unit 2 (1301) has an address buff- 
er 2 (1301-1) ^d - a W data buffer 2 "(1301-2). 
e further, in order to hold the data read from the 
local memory 3 or the frame menpory. 4, the mem- 
ory access unit ,2 (1 301) has alsp an h data buffer 
10 t . 2 (1301- 3). The local bus 2 is a synchronous bus 
which uses a clock of sextuple the internal .clock for 
a singly memory cycle., uL . 3 . , • 

- The simultaneous access to two memories of 
the two-port -miproprocessor will now be described 
'. is r with reterenpe to FIG. 1 1 ■ f ," L .r 

— -,vw i ..AssufT>e that an instruction, n fetched from an 
j fnstructionlchache vyjtlran internal clock k is a load 
instruction, with the portal designated, a§ the result 
, 5 . that the. .instruction is decoded I jTTie memory ac- 
ce«s r m^n!agirig unit checks the operation state of 
r!C " c „ ; ihe port/Laqd, .if discriminated that the port 1 is 
\." outputs a load W (designated t>y 1 in =FIC3. 11) 
r> i&r^'fyftrWnipry unit 1., Further, the operation unit 
7eads ^nto (the bus^the content of -the register 
-\f? esi 9 n ^¥^!rl y **] e address Register,. and the-mem- 
*L V. : °F y ^?^^rm the bus -switch 

f| . . to. write. /(^-in ihe address buffer 1 an address on 

cr. * k , The mernpry access unit 1 rnjakes a request for 
y3a acquiring jhe r sy ?tfrn bj^,.causes , the, address buff- 
. er.,1 to output thg ^memaiy, address to ; the system 
bus, .when a^ right 4o r usa r the bus- is given as 
r: ^ indicated by an,,;arroW; 31 to - execute a reading 
. ; access_.to the,-sy^tem rn^empry.. When a response is 
35 returned frorri the system . memory,, the memory 
... r access . unit 1« returns ^n acknowledge v 1 (4) to the 
. , memory access rnanaging unit. The- memory ac- 
cess unit 1 also reads- data from the syjsrtem bus to 
. ^n R data buffer 1,- as indicated by an, arrow 5. 
40 V' Llpbn receipt of the acknpwiedge, 1 (4), jhe memory 
, access managing unit perfprms a. forced writing 
- ov © r - the register in the operation unit to : cancel (6) 
the load 1. , . : , . 
. " v . ; Also assume that an instruction n ..+." 1 fetched 
4S : , with an internal clock k + 1is : a load, instruction. 
The memory access managing unit checks the 
operation state .of the port 2, and outputs a load 2 
(11) tolthe.mempry access unit 2 (l Further, the 
operation "unit reads in *the bus the content of the 
so register designated by the address ^register, and 
the memory access managing "unit writes (12) it in 
the. address buffer of the memory, access - t unit 2. 
The . memory access unit 2 .outputs (13)" the mem- 
ory address irUhe memory cycle starting at a clock 
55 , k + .7, and reads (15) the data. in the FLdata buffer 
2 at a clock k + 11. The memory access man- 
. c aging unit reads the R data .buffer- 2 in response to 
'an acknowledge 2 (14) of clock k + 10, and 
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performs forced writing on the register in the op- t 
eration unit. - 

Accordingly, in the two-port microprocessor/ 
since the memory access managing unit manages ' 
the operation states of the two ports and has the . 5 
function of performing register forced writing of the 
data read from the memory, memory J accesses 
simultaneously using two ports can be achieved. 

The register access in the two-port micropro- 
cessor by the CPU will now be described. ?o 

FIG. 12 is a timing diagram showing the man- 
ner in which the CPU reads the content of the RO 
register in the two-port njicrdprocessor, modifies it 
and writes "it back in the RO register. When an 
external decoder 12 receives a register read re- 75 
quest from tfie CPU, the CPU response unit out- 
puts a CPU register read signal (1 iri FIG. 12) and \ 
■a register number to the membry' access managing 
unit Immediately in response to this, the memory 
access managing unit causes the instruction fetch ',,'20, 
unit and the decoder to wait operating (ah instruc- ' n 
tiori j + 1 'is caused to wait in FIG. 12), forcedly : 
reads the RO register in the operation unit, and 
writes (2J'the data in the CPU dkta' buffer. The CPU .' ! , 
-response unit outputs the data of tfe CPU data "*' '/is' 
buffer to the system "bus and returns a response to 
the CPU. The CPU modifies; "the read data and ' 
subsequently starts a writing cycle. ' 

Upon receipt of a register write request from r 
" theT CPU, , the CPU response unit reads (11) the 30 
data on the system bus into the. CPtf data buffer, '[ 
arid outputs (12)' a CPU register write signal and a 
register number to the memory access managing 
■unit The memory adeems managing unit imme- 
diately causes the instruction fetch: unit and the , 35 
decoder to wait operating (an instruction k + 1 is 
caused to Wait in FIG. 12), and performs a forced 
"wrttirig (13)ih the RO'registeM^ 

As is apparent from the execution stajges of a 
microinstruction shown in RG. 12," forced reading . 46 
(2) is executed in a cycle subsequent* to the cycle 
in Which the CPU register rbad signal (1) is given, 
and forced reading (13) is executed in a cycle next 
to the cycle subsequent to the cycle in which the ' 
CPU register write signal (12) is given! 45 

The accessing \p the local memory and the 
framememory by the CPU will now be described. 

FIG. 13 is a timingf diagram showing the man- 
ner in which the CPU makes a read access to the 
local memory. When a local memory access, re- 50 
quest from the CPU is received by the external 
decoder, the CPU response unit outputs a bus 
interface request (1) ^ to 'the , memory access man- 
aging unit ' " 

The memory access' managing unit checks the 55 
: " operation state of the port 2.. As an acknowledge 2 
(2) is returned from the^memory access .unit 2 at a 
clock k + 4 and as the status register of the port 2 



in the memory access managing unit is cleared, 
the memory access managing unit receives a bus 
inteirface request, sets the bit ,i of the status regis- 
ter and returns (3) a bus interface ready to the 

. CPU response unit. The CPU response unit can- 
cels (4). the bus. interface request, transfers to an 

1 address latch jn . the port 2 the memory address 
read in an address latch, in the port 1 , and issues a 
load request "tp. the memory access unit 2. The 

. memory access unit 2 reads the data from the 
J local memory and returns (6) ah acknowledge to 
the CPU response unit The CPU response unit 
transfers;to .a data latch in the port 1 the data read 
in a data latch in the port 2 and outputs (7) it onto 
the system, bus. Upon receipt of the response from 
the port 1. the CPU reads the data on the system 
7. bus. ' ' i(1 ; ,, . ." 

Th§ read/modify /write instruction of ,the two- 
port microprocessor will now be described. 
' . This instruction is an instruction for performing 

, an operation oyer the data read t from ;the memory 
arid for writing the result of the operation back to 
the, original memory address at two successive 

.memory cycles. FIG., 14 shows ,the signal transfer 
between the units during the read cycle of the 

.read/modify/write instruction, .FIG. 15 shows the 
signal transfer between the units during the subse- 

. quent modify/write- cycle. FIG. t 1 6 is a timing dia- 
gram, .shawing the operations of t(ie various parts of 
FIGS^ 14 and 15. FIG. 17 shows the concept of the 
v m using a modify 

buffer " .«-.. \* -.. ifv; ... ... \. : x 

3 First of all, th,e"read cycle^will be described 
with reference to f^IGS,- 14 and 16. - f . ,' • 

'\ Having decoded the r.ead/modify/write, instruc- 
_ t tipn (1 in FIGS. 14 and 16) fetched with the internal 
clopk k, the instruction decoder ^102 immediately 
returris a wait signal (2) to the instruction fetch unit. 

.This signal continues r being outputted to the opera- 
tion unit until the. modify instructipn is executed. 
The instruction decoder causes the instruction 
fetch unit to output the, content of Reregister as the 
memory address onto the bus R2B, and gives (3) a 
load request a ( store request ?nd a port number to 
the memory access managing unit. .Further, the 

; instruction decoder, causes the ^ operation . unit to 
output the content_qf-R§ register onto the bus R3B 
to fetch (4) the data , into the modify buffer 1102-9 
in the instruction decoder. Meanwhile, upon receipt 
of a load/store .request the memory access man- 
aging unit sets to "1 " both a load bit and a store 
bit ot the status- .register . in, the designated port, 

.outputs .ajoad signal. (7), ; controis 7 (5) the bus 
switch to, -write- ,(6), the ^memory address- in the 
address buffer. The designated port latches (8) the 
memory address in the. address buffer, outputs (9) 
it to the memory,, and starts .the read cycle. When 
data are read ; from the memory w ther port latches 
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(10) it, transfers (11) it to the R data buffer, and 
returns an acknowledge (12) to the memory access 
managing unit The rriemory access managing unit 
gives (13) a forced write signal to the instruction 

* decoder/ controls the bus switch to write (14) in Rq 
register the data read from the R data buffer. 

The subsequent processes will now be de- 
scribed with" reference t6 'FIGS: 15 |ind 16. 

The memory access frianaging unit resets the 
load bit of the status register to M 0 W , and gives (15 
in FIGS. 15 and 16) a stoi*e signal to' the, port. The 
port latches (16) a memory address in the address 

" buffer and outputs (17) it to 1 the memory to start the 
write cycle. :i { ' ' 11 ' ' * 

The instruction decoder Cancels (18) the wait 
signal to the instruction fetch unit, 5 and causes the 
operation unit to execute (19) the rnodify/buffer 
instruction. This example presents an instruction for 
performing an operation in* the ALU or the contents 
of ftie Rq register and the Rr register and for 
storing the result o^ the operatfon* in:;tbe Rq regis- 

•* ter; - ; M 5 ^ - ; " ; -- 

* The memory access managing unit controls 
(2'0) the bus switch at the timing at which the_ALU 
butputs :: tiie result of the operation/ so as to write 

'(21) the daia on the bus WB into the ' W data buffer 
in the port! : " ] ;J e ' ■*' ! 

: ,; - The ^rt*latctes;(22y-tha"^a& in thfe W data 

1 buffer arid outputs (23) the data to thefregiory. Fur 
ther, thfe port returns ari ^ckndwledgS r *(24) to v the 
memory access Vft anting uhit ^hd : cfear$ \he store 
bit of the status register to "0". * ! ^*'- :f - i 

^As f shdwn 'In r tire bfocl< ^diagrarh : pf FIG. 17, 
independently "of the ' ordinary instruction buffer for 
holding : the instruction ^pf '"a program, a modify 
buffer may be provided for hblding a 'sub-instruc- 
tion preset in any one 1 "of the registers. If the 
execution of the sub-instructidn fs needed as a 

resuft of decoding; an Hnstructibn in" the instruction 

- buffer; an instruction^ the modify 1, buffer may be 
immediately decoded corresponding to the result 
of the instruction decoding of the inSiructidn buffer, 
so that th^ result of modification of the data read in 
the read cycle can~be 'in 'time tor the next write 
cycle, as is:" apparent from the timing diagram" of 
FIG. 16: Further; the instruction to be fetched in the 
modify buffer : is readable from : an optibha] one of 
the -registers R2 through Rri-1. In FIG. 17, the 
rhodify" buffer is illustrated as ah independent block 
frbnh the block of the? 1 decoder -for clarity of the 
concept. - ; r 1 • * " : * : ;: " 

- The rectangular transfer method from the sys- 
'tem memory to' the frame Memory will now be 
described with reference to FIG. 18: * :: 

10-1 represents the systerh meinnory 10 in an 
X-Y coordinate "space. A source memory width 
MWS means the width of the X-Y coordinate space 
10-1 of the 1 system memory that is a source of the 
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transfer ORGS represents the origin of the X-Y 
coordinate „space.1 0-1 f . and its value is a bit ad- 
dress, on ,the r system memory 10. At the source 
rectangular field '.10-2, Xss and Yss represent X 
coordinate and Y coordinate, respectively, of the 
.transfer start position; and Xse and Yse represent 
: X coordinate and Y coordinate, respectively, of the 
.!!tfan?fer end position. 

4-1 represents the frame-memory 4Jn the form 
of an X-y coordinate space v A destination memory 
^ wi^th . lyiVvjp. means the. width pf the X-Y coordinate 
£pace ; '4-X of the frame\memory that is a destina- 
' tion pf Jfie 'fygrisfer. ORGD, ; represents the origin of 
the X : Y coordinate space and its value is a bit 
address, on the frame memory 4. -At the destination 
rectangular" ,$jBkf, 4-2,'. Xds and ; Yds represent X 
r pQprdinate apd y coordinate, respectively, of the 

transfer start position. ( . .!: , , , 

Firstly." asJndioatQd by 50 jn FIG. 18, the CPU 
8 gen^rate^ t in, the system memory ^Q a work list 
composed df a. leading address of a graphics trans- 
fer program and a leading , address^ of - graphics 
^ai^m^gr^ J^e-PPU .8 also generates par^neters 
^ needed fo^rapKics transfer at successive. address- 
es .1ptloWirig.Xo the^parairieters.' leading, address in 

^ fher^^haying .be^ by the CPU 

pio^p-f^, ^ ^cro|Drocessor 1 reads from the 
"work (ist)the^te^digg address of a program , to be 
^expcuted and Jhp^ from the local 

°mempr^ 3" 4' grap^ The'source 
address 'of Yecfangular field^js r calcuiated from the 
coordinate values, read frqiTi the ^system .memory 
j io, OFtGS and_th/eV : source" memory width" (80). 
Likewise, the^ ^destjn^tictn address of rectangular 
field' |s calculated from th§ cpprdinate ; values read 
from the frame memory 4,,pB,GD.and.the destina- 
tion transfer ^memory width . (80). , . 

In", order .to perform, a d^ta transfer, with a 
logical operation, between .data. of v a source rectan- 
gular field and data of a destination ^rectangular 
field, a data operation is. executed.^by utilizing the 
'read/mpdify/write . instruction discuss;ed..in connec- 
tion'Wth FIGS., 1.4 through 16, between the source 
data (90-1) read fronrTthe systenn memory 10 and 
Ihe destination data (90^2) in! the frame memory 4. 
The .result' of jthis" logical operation is written (90-3) 
in the destination address. By, executing -the ad- 
dress calculjatfon and the data, operation over the 
rectangular field's 'between which , the data are to be 
transferred, a high-speed transfer of the rectangular 
field data from the. system memory 10 to the frame 
' memory 4 can be achieved/ 

The general construction of the operation unit 
is discussed above "in" connection with .FIG. 6. FIG. 
19 shows the "detailed construction of the operation 
unit to be used* for .this, data transfer of, rectangular 
field. The operation unit comprises a register for 
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storing the number of words (memory width) in X 
- direction of a bit-map 'memory, registers (a source 
address register, a pattern, address register, and a 
destination address register) for storing) word ad- 
dresses of three rectangular fields (a source field, a 
pattern field, and a destination field) defined on the 
bit map memory, a source shift number register for 
storing a difference in bit position between the 
- : source field and the destination field, a pattern shift 
number register fox storing a difference in bit posi- 
tion between the pattern field, ahd the destination 
field, a barrel shifter for shifting source data based 
on the source shift numbier register or shifting 
pattern data based on th£ pattern, shift number 
register, a three-operand logic unit (three-operand 
LU) for performing a logicaroperatiPn i of the shifted 
~ source data,, pattern data; and destination data, a 
mask means for d^signatihg a writing inhibition 
field at opposite ends of the destination, fiejd, and a 
composer circuit for composing the operational re- 
sult and the destination data based on the mask 
: - 1 J means. - <; 

According to this i invention, partly since two 
sets of buses of the two-port microprocessor are 
usable for instruction fetch and data access, and 
partly since dontifiudus memory" accessing is pos- 
sible, the memory accessing ' Efficiency is im- 
proved /in the case of a graphics processing ap- 
paratus Mri particular] it is . possible to transfer the 
* 1 \ graphics data between the system memory and the 
frame memory at / high; speed. Further, a 
read/modify/writ^' process" frequently used in graph- 
ics processing can be executed 'with no free or 
enripty cycle between the read cycle and the write 
cycles " improving the performance of a graphics 
processing apparatus. v _ 1 ' 
. I - Atthot/gK the preferred embodiments' of this 
* ^invention have been described here, it should be 
" understood that various other modifications to and 
"alternative arrangements of the elements of the 
illustrated embodiments may be suggested by 
those versed in the art as they reasonably and 
properly come within the spirit and scope of the 
invention. For example, the microprocessor fusing a 
modify buffer should by no means be limited to the 
two-port processor, but may be a conventional one- 
, port processor. Further, although the" graphics pro- 
cessing apparatus is illustrated ; here in the fore- 
going embodiments, this invention may be used in 
a dedicated_ purpose processor "for special pro- 
cesses, e.g. printer control or communication con- 
trol, which should be accompanied by data transfer 
between separate, buses.' 

Claims 

1. A graphics processing apparatus comprising: 



(a) a CPU (8) and a system memory '(10), 
each connected to a system bus (9) composed of 
address, data and control buses; 
1 ' (b) A local memory (3) and a frame memory 

s (4),, each connected to a local bus (2) composed of 
" address, data and control buses; and . 

(c) a graphics processing processor (1) hav- 
ing a" first port (102) connected to said system 
memory (10), arid a second. port (103) connected 
70* to said local bus (2), said graphics . processing 
processor being capable^ of simultaneously acces- 
sing to said system -memory and said local or 
frame memory via said first and second ports, 
respectively. 

7S . . f , 2. A graphics processing apparatus according 
: to claim 1 characterized in that said graphics pro- 
cessing processor further includes 
a plurality of internal registers (3pt), said graphics 
. processing^ processor "being capable of loading 
20 graphics data to one of said internal registers from 
. pne .of said system memory (1 Q) and said local and 
' ' , ; .frame memories (3, 4)" via the corresponding one of 
said first and second port? (102, 103) and also, in 
. . parallel with the loading, capable of storing data to 
J 25 . the _ other one, of said system memory and said 
; locai^ and,frarhe. memories from another, of said 
~ u internal registers. / . f : . ; 
vr- > r-- - A Qraphicst. processing method using a 
. * ' ' t ^ graphics^ processing apparatus according to claims 

ao' . * 1. pr 2,, $aid method comprising: ,. 
. ' , * ; , . - (a) r storing, a graphics .transfer program in 
y s'aicf .system me^ory .or j;aid .lopai ..memory, and 
also, storing various''. graphic data in . said system 
. . memory; ^ . ./ <; . 

. - P) writing a leading" address, of .said^graphics 
transfer program and a leading address of param- 
eters, of said graphic, data in said system memory 
? or said Local merpory by said. CPU - ,when said 
graphics data in said system memory f are trans- 
40, ferred to said frame memory; and 

' (c) causing said graphics processor, accord- 
ing to said graphic transfer program and said pa- 
rameters, to transfer saicL graphic data pn said 
system memory to 'said, frame memory via said 
45 t first and second ports. 

^ 4. a ^graphics .processing ^method according to 
claim 3, in which when transferring said graphic 
data, said processor .reads said data in a destina- 
tion field of said /framq T memory corresponding to 
so said graphic data in a source field of said ; system 
^memory, performs, a Jogicai operation over both 
said j data and , said graphic data, and writes the 
result of said logical operation in said destination 
field of said frame mempry. 
.55 5. A graphics, processing method, using a 

. graphics processing apparatus according to claim 1 
' " . or 2, said method comprising: - ... 

(a) . storing various graphics drawing pro- 
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grams in said system memory or said local mem- 
ory; 

(b) when drawing the graphics, preparing a 
work list, composed of a leading address of said 
graphics drawing programs and a leading address 
of parameters of the graphic data, in saicl system 
rnemory or said Ideal memory by said CPU; and 
1 T (c) causing said graphics processing proces- 
sor to 1 read the contents of said work list in re- 
sponse to an instruction of said CPU and to draw 
the graphics in said frkme memory according to 
said graphics drawing programs and ] parameters 
designated by said work list. ^ 

6. A microprocessor cqn^priising: 

(a) a proc0ss6r. unit (101) for decoding and 
executing ah instruction; " 

(b) . two ports (102, 103). each for. transferring 
address, data and Control 'signals between each of 
said ports and a respective memory connected 

" thereto/' ■* I' ' r ~ ? ' > 1 "' ; ; ,t " : - ^ 

• (c) "an address ^buiffer (1201-1; 1301-1) writ- 
able from said processor uri'it;^ 
from Saio* two ports p 02, 103) ; : J ' * 

: (d)_ a clata buffer* . (1 201 1 3til -2; ■ 1 201 -3, 
i 30t-3) Which is" readable" and" writablefrbm said 
two ports <i02 i "r03) , and frbm which an instruction 
may be read by said processor unit (101); and 

' (e) means for contrdHing an adctress transfer 
from said address buffer to : orte" of trie 1 memories 
and also a data transfer between saitl data buffer 
and one of the metTibrfes * via the designated port 
according I'tc i a 'memory 'access request' Snd a port 
designating sigriial from said processor unit; 

(f) whereby an instruction fetch 'and a data 
; access can be performed with respect to the two 
mernories. : . " * 1 

7. A microprocessor according to claim 6, in 
which said : data ' buff eH^ readable or Writable also 
from safd processor uriii. v " - 

8. A microprocessor according * f to' claim 6. in 
which said processor unit includes: 

a register for storing the /number of words (memory 
width) in X direction" of a bit-map memory; 
■ registers (a source 'address register, a pattern ad- 
dress register, a destination address Vegister) for 
storing word addresses of three rectangular fields 
(a source field, : a pattern field, a destination field) 
defined on said'bit-map'rnemory; ' £ ' . 

: a " source shift number* register foV storing a dif- 
ference in bit position 'bdtween said source field 
and said destination fiefdr r " 
; a pattern shift -number register for storing a dif- 
ference " in bit position ' between said pattern field 
and said destination field; . , J 1 : " : ; 
means : for shifting- source :: dat£ Based on said 
source shift number' register of -shifting pattern data 
based on said pattern shift number register; 
means for performing a logical' operation of the 
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"shifted, source data, pattern . data and destination 
data^r ' ! . ^ / 
maslc^mearas J6r : ' : designatihg : a- writing, inhibition 
field, at opposite ehds of said destination field, and . 
means ( foriCbmposipg the operational result and the 
. .destination data based qn said mask means; 
whereby, the rectangular field transfer.^ of three 
operands can .be . performed between said ports. 

(Fig. 19) , z ■ . v : . ,. ; 

^9.,A rnicrbprocessor according to claim 6, fur- 
ther comprisirig\port designating . means for gen- 
erating^ the port., designating signal ^according to 
said merjiory address. . . 

.„ .10., a microprocessor according to. one of the 
* clairns 6' to .9, .characterized in. 'that' 
each of ;s.aid r , address buffer and. said data buffer 
. includes twb^ buffer sets and each of the sets is 
dedicated "for §f respective one of said two ports; 

arid'"'" * " - : ." fc .7., t „ 

that the microprocessor further Includes: 
means" tor* managing the operation of each of said 
, two pgrts; and ( ; t " „ 7' • ^ v 

Vy.means w .tor t writihp, to a register in^ said, processor 
" "unit) <|ata read ^brti.the mernories;. ■ 7;. . ; f 
whereby ; acqe5ses can' be" t£kea simultaneously to 
two' memories via Xajd two ports. • , 

, . / ,1 T- micrbprbcessbr for executing instructions 
■ 7eaqh haylhg^a fixed Jength, cprnprisipg: 7 * 
. ^ ?rst ipsWqii^ holding 
a primary ^ instructioh read fronV'a program; y 
[ % ..^Cf^^U^M^M?! 1 " hokHrig .means for 
; holding ^'sub-inW to.the pri- 

mary ihstructipn;"and 7,.' * ' " " • • 

7 (c) decoding; ^jahs^foc^'ilecbding^ trie pri- 
mary instruction arid the^ su^jhstmctibn,' whereby 
when the primary instructipn; Is, .instruction using 
. trip sub-instructipn as a result 7bf .the decoding of 
. lie primary instrpctipn,, tfie sub-instruction held by 
said' sub-ihstruption holding mqans is decoded and 
* .executed. "7*7 , -.1 -V^./ 

i2. A' microprocessor "according to claim 11, in 
whph a reac^mpdify/write. instruction is defined by 
the primary instruction and the "sub-instruction, the 
primary instruction designating, a register t for hold- 
ing the sub-instruction and also another register for 
holding a memo ry address, and the., sub-instruction 
designating a register for storing data read from a 
'memory an^ also "a type 'of operation tp jdata, so 
that the . sub-instfuctiqri is executed, as data are 
read from the' memory ^according to , execution of 
the primary instruction' to write to .the" memory the 
result of the execution of the sub : ihstruc^on, there- 
by performing read/modify/write ' operation within 
two memory cycles. 
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© A microprocessor suitable for processing a large 
quantity of graphics data. Graphics processing ap- 
paratus and method using the microprocessor are 
also disclosed. 

The microprocessor (1) independent of. a CPU 
has two ports (102, 103), and performs an instruction 
fetch and a data access or a memory access si- 



multaneously to two memories (3, 10; 3, 4, 10) 
coupled through separate buses. 

In the graphics processing apparatus in which 
this microprocessor is employed, the graphics trans- 
fer between a system memory (10) and a frame 
memory (4) can be performed at higher speed. 
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